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DESCRIPTION 
Method of Evaluating Cell Activity 

5 

Technical Field 

The present invention relates to a method for evaluating cell activity. More 
1 0 particularly, it relates to a method for evaluating the physiological activity of an external 
stimulus on living cells or a method for screening the living cells responding to an 
external stimulus using a surface plasmon resonance analyzer (SPR analyzer). Hie 
methods can be utilized in an in vitro test of drugs, toxic substances, and the like. 

15 

Background Art 

If the effects of an external stimulus such as ligand binding, environmental 
change in temperature or pH, mechanical or electrical stimulus, and the like on living 
2 0 cells can be observed in real time in an alive state, it would be possible to measure 
more accurately the effect of various active substances or physical conditions exerted 
on the cells, greatly contributing to a rapid diagnosis and determination of a 
therapeutic strategy in clinical sites. It is accordingly desired to develop an apparatus 
or diagnostic system for allowing the evaluation of the physiological activity on such 

2 5 cells since there is no device or system available for clinical tests until now. 

For example, stimulation of mast cells results in aggregation of high-affinity 
IgE receptors at the first stage, followed by phosphorylation of a- and p-chains within 
several seconds. These changes induce association and phosphorylation of a variety of 

3 0 kinase proteins to activate a series of enzymes involved in the intracellular signal 
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transduction such as tyrosine kinase, phospholipase C or G protein, causing a release 
of a chemical transmitter by infusion of secretory granules to cell membranes after 
several to several ten minutes. It is known that, simultaneously, a transcription factor 
is activated, and after a lapse of several to several ten hours, proinflammatory cytokines 
5 such as TNFcc and TL-4 are synthesized and released. 

So far, the dynamic behavior of cellular degranulation has been measured by 
recovering the supernatant of the reaction medium every time the analysis required to 
determine the content of the materials such as histamine and cytokines contained 
1 0 therein. In this method, however, it was necessary to recover at least a part of the 
supernatant of the reaction mixture for measurement and to suspend the reaction 
simultaneously with the measurement because the reaction condition be easy to 
change. 

15 In addition, dynamics of the intracellular calcium concentration, pH change, 

intracellular transfer of a particular protein, and so on, can be analyzed by modification 
of the cells by loading of a specific fluorescent probe or by transfection with a protein 
containing a GFP tag. In these methods, however, some preliminary modification of 
the cells is required. Thus, a problem comes that there is a possibility that the cellular 

2 0 function will be influenced at least by the degree of the modification and in principle the 
cells used in these tests cannot be turned back to the organisms. 

On the other hand, in an SPR (surface plasmon resonance) analyzer, it is 
possible to conduct measurement of the reaction and binding amount between 

2 5 biomolecules such as proteins as well as a kinetic analysis thereof by observing a 

change of a resonance angle in real time utilizing the surface plasmon resonance 
phenomenon. The change of a resonance angle depends on a change of permittivity in 
the vicinity of a gold film on a sensor. The one end of a protein to be measured for the 
binding is first immobilized on the gold film. Proteins each has an intrinsic permittivity. 

3 0 In SPR, the binding of a ligand to a protein fixed on the gold film is measured. When 
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the binding of the ligand to the protein occurs, the complex is formed on the gold film 
and the permittivity will be changed. That is, information on the amount of the 
binding between biomolecules, kinetic constant of binding, kinetic constant of 
dissociation, dissociation constant, affinity constant, and the like, can be obtained by 
5 following up the permittivity of the surface of the gold film in real time. 

An alternative device has been developed in which the amount of a ligand 
binding to the fixed living cells, kinetic constant of binding, kinetic constant of 
dissociation, dissociation constant, affinity constant, and the like can be measured in 
1 0 addition to the biomolecules such as proteins. 

As mentioned above, an SPR analyzer in which a living cell can be targeted, 
permits measurement of the change of permittivity during exposure of the cell to an 
external stimulus. This time, the present inventors have found that the reaction of 
1 5 cells per se caused by an external stimulus makes the permittivity change. 

The present application has been filed in view of the above-mentioned 
situation for the purpose of providing a new method for evaluating accurately the level 
of the physiological activity of an external stimulus on living cells. 

20 

Disclosure of Invention 

In order to solve the above-mentioned problems, the present invention 
2 5 provides a method for evaluating a physiological activity of an external stimulus on 
living cells by means of a surface plasmon resonance analyzer, which comprises 
evaluating the physiological activity of the external stimulus on the cells with an 
indication of a secondary signal appearing after a primary signal upon the exposure of 
the living cells to the external stimulus. 

30 
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In a preferred embodiment in the invention, wherein the secondary signal is a 
signal appearing after elimination of the external stimulus. 

5 Brief Description of Drawings 

Fig. 1 shows the result of measurement of the IL-2 effect on CTLL-2 cells, a: 
EL-2; b: control; and c: the difference between a and b. IL-2 was injected between Tl 
and T2. The reaction between Tl and T2 indicates the primary signal, and the 
1 0 reaction after T2 the secondary signal. 

Fig. 2 shows the result of measurement of the bFGF effect on papilla cells, a; 
bFGF; b: bFGF + inhibitor, c: the difference between a and b. At the point of Tl , bFGF 
(and an inhibitor) was injected. The reaction between Tl and T2 indicates the primary 
1 5 signal, and the reaction after T2 the secondary signal. 

Fig. 3 shows the result of measurement of the antigenic effect on mast cells, 
a: DNP-HSA stimulation on IgE unsensitized cells; b: DNP-HSA stimulation on IgE 
sensitized cells; c: the difference between a and b. At the point of Tl, DNP-HAS was 
2 0 injected. The reaction after Tl indicates the secondary signal. The secondary signal 
appeared so strongly that no primary signal was recorded. 

Fig.4 shows the result of measurement of the DNP-lysine effect on mast cells. 
At the point of Tl, DNP-lysine was injected. The reaction between Tl and T2 indicates 

2 5 the primary signal. 

Best Mode for Carrying Out the Invention 

3 0 The term "external stimulus" as used in the method of the invention means all 
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of the stimulation acting on the activity of cells (for example, activation of intracellular 
signal transduction systems), including ligands acting on the cell surface receptors, 
environmental changes of temperature or pH, mechanical or electrical stimulation, and 
the like. 

5 

In the method of the invention, cells are immobilized on a analyzer in the same 
manner as in the usual SPR measurement for vial cells, to which a stimulus as 
mentioned above is given to determine the signal as a change of permittivity in a 
conventional procedure. In this procedure, the invention is characterized in that, in 
10 addition to a signal observed during the stimulus on the cells (a primary signal), a 
secondary signal appearing subsequent to the primary signal is measured as an 
indication for evaluating the cellular activity responding to the external stimulus. 

For example, when a ligand is attached to a living cell immobilized on an SPR 
1 5 analyzer, it makes the baseline rise relative to the amount of ligand attached before 
stabilized (primary signal). When the ligand has a physiological activity to the cell, a 
further increase or periodical change of the baseline (secondary signal) quite different 
from the simple binding signal is observed after the primary signal. Such a secondary 
signal, since it appears only with addition of a ligand of which the physiological activity 
2 0 has been confirmed, is considered as a reflection of some biological reaction caused by 
the attachment of the ligand to the living cell. 

Thus, in the method of the invention, the physiological activity of an external 
stimulus on cells can be evaluated accurately, and therefore, for example, a change in 
2 5 the cells of a patient caused by antigenic stimulation or administration of a cytokine or 
drug can be followed up in real time; the result of its analysis can be quickly fed back to 
a clinical site to utilize it for the decision or prognosis of the therapeutic effect or in the 
planning of future therapeutic courses. More specifically, it can be utilized in the 
following clinical diagnosis. 

30 
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(1) Rapid test for allergic reactions on living cells (blood, biopsy sample, etc.) 
removed from the organisms, or an induction test with a human body 

(2) A functional test or determination of whether or not the cells are normal or 
5 malignant can rapidly be conducted by stimulating cells of a lesion such as cancerous 

cells removed in a surgical operation with a cell growth factor and the like. Since the 
result can be obtained during the operation, the area to be excised can be judged based 
on the data. 

1 0 (3) Analysis of the necessary amount of a drug because the amount is different 
individually: currently, the difference of the reactivity to a drug among individuals is 
confirmed by conducting a gene mutation analysis (SNP) in order to realize a so-called 
tailor-made therapy. According to the method of the invention, the reactivity of 
individual blood cells (e.g., lymphocytes, basophils, eosinophils, antigen-presenting 

1 5 cells) to a drug can be analyzed, and thus the amount of a drug to be given, which 
amount is different individually, can be calculated. 

(4) Diagnosis of drug allergy: in some rare cases, a certain drug for which the 

safety has been confirmed in clinical tests in most people may cause a severe allergic 
2 0 reaction. However, when plural kinds of drugs have been administered, it is difficult to 
identify which is the causative drug. According to the method of the invention, it is 
possible to identify the causative drug for the allergy based on the analyzed reactivity of 
the patient's leukocytes to the drug. 

2 5 (5) The rate of implantation of a fertilized ovum obtained by in vitro fertilization is 

not so high. In this situation, it is possible to select a fertilized ovum of high 
implantation rate and return it to the uterus since the cells can be handled in an alive 
state. Thus, the accuracy of the in vitro fertilization can be enhanced and at the same 
time a mental and physical burden of a woman who wants artificial insemination can 

3 0 greatly be reduced. 
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(6) The cellular reaction caused by various substances or by changing physical 
conditions (for example, aggregation/ association of receptor molecules and/or their 
relative intracellular signal transduction molecules, and their phosphorylation, 

5 dephosphorylation, intracellular translocation to or from membranes) is measured. 
The information is useful in selection of therapeutic agents and judgment of then- 
therapeutic effect. 

(7) In culturing animal cells, as we often experience, there is a wide range of 
1 0 variation in lots of serum which is added to a culture medium, resulting in failure to 

obtain reproducibility of the data. Monitoring of the cellular reaction in the presence of 
sera by means of SPR permits rapid control of sera. 

15 Examples 

The method of the invention will be explained in more detail by the following 
examples, which are not intended to limit the scope of the invention. In the following 
examples, SPR-CELLIA (Japan Laser Electronic Co.) was used as an SPR analyzer. 
2 0 The sensor chip for amine coupling was prepared as follows. 

In IOjoM solution of 4,4-dithiodibutyiic acid in ethanol was immersed a sensor 
chip and stirred for 30 minutes. Thereafter, the chip was washed with dry ethanol 
and dried. Water-soluble carbodiimide (25mg) was dissolved in 1ml of MilliQ water, 
2 5 and 15mg of N-hydroxysuccinimide in 9ml of 1,4-dioxane, respectively. Both 
solutions were mixed immediately before the dried sensor chip was immersed therein 
and the mixture stirTed for 10 minutes. Then, there was added 10ml of MilliQ water, 
and the mixture was stirred for 5 minutes. The chip was washed with MilliQ water 
and preserved in MilliQ water. 

30 
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Example 1 

Reaction of CTLL-2 cells (suspended cells) with IL-2 

The suspension (30 pl)of CTLL-2 cells (2*10 5 cells/ml) in PBS were directly 
placed onto both of sensor chip-measuring portion and control portion, and the chip 
was blocked with 50jj1 of 1%BSA. The sensor chip was equipped in a flow-cell unit of 
the SPR analyzer, of which the temperature was set at 37°C and was perfused with 
PBS at a flow rate of 15|il/min. IL-2 (62.5ng/ml, 60jj1) was injected into the measuring 
portion, while PBS continuously perfused, and the change of the signal was measured. 
The portion into which no IL-2 was injected was used as a control. 

The result is as shown in Fig.l. The difference of the signals between the 
measuring portion and the control portion was obtained, indicating that a 
characteristic signal appeared at a periodicity of about 10 minutes. This is observed 
only in living cells. On the other hand, when an agent such as IL-3, bFGF, aFGF or 
pleiotrophin, which does not bind to CTLL-2 cells, was added, no signal was observed. 
This indicates that the living cells binding to a ligand generated some events, which 
were captured by SPR. 

Example 2 

Reaction of papilla cells (mesenchyme cells) with bFGF 

Papilla cells were removed from a petri dish with 0.02%EDTA and suspended 
in a DMEM10 culture medium. The cells (2x 10 5 cells/ml, 400jJ) were immobilized on 
a sensor chip in the same manner as in Example 1. 

PBS was perfused at a flow rate of 15pl/min at a fixed temperature of 37°C; 
1 jig/ ml of bFGF alone was injected into a control portion, and 60jj1 of l|ig/ml bFGF + 
50|iM phosphorylation inhibitor (SU4984) into a measuring portion; after a lapse of 42 
seconds the circuit was closed and the change of signals was measured. 
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The result is as shown in Fig.2. From 10 minutes after the injection, the 
signal from the SU4984-treated portion became plateau, while the signal from bFGF 
alone ascended continuously. This indicates that the signal transduction caused by 
the binding of bFGF was suppressed by the phosphorylation inhibitor. 

5 

Example 3 
Reaction of mast cells on an antigen 

10 Mast cells (2x105 cells/ ml, 70pl) were immobilized on a sensor chip in the 

same manner as in Example 1. IgE was added to a measuring portion, and incubated 
in a CO2 incubator at 37°C overnight. The chip was set on an SPR analyzer, and a 
running buffer (PIPES buffer, pH 7.2) was perfused at a flow rate of 15jal/min at a fixed 
temperature of 37°C. Then, 60jil of lOOng/ml DNP-HSA (dinitrophenyl-human serum 

1 5 albumin) or 10|ig/ml DNP-lysine was injected, while a running buffer was perfused 
continuously, and the change of signal was measured. The composition of PIPES 
(piperazine-N,N-bis[2-ethane-suffonic acid]; 1,4-piperzine-diethanesuffonic acid) buffer 
is as shown in Table 1. 

2 0 Table 1 



NaCl 


1 19 (mM) 


KC1 


5 


PIPES 


25 


Glucose 


5.6 


MgC12 6H20 


0.4 


NaOH 


40 


CaC12 


1 



The result is as shown in Table 3. When DNP-HSA was injected, a strong 
signal was observed in the IgE- sensitized mast cells, reflecting the activation by a 
specific antigen-antibody reaction, but no characteristic change in the unsensitized 
2 5 mast cells. When DNP-lysine which binds to but does not activate the cells was 
injected, the primary signal generated by the binding of DNP-lysine was observed, but 
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no secondary signal observed (Fig.4). From these results, it was confirmed that the 
activation of cells could be measured rapidly according to the method of the invention. 

5 Industrial Applicability 

According to the invention, as described above in detail, it becomes possible to 
evaluate conveniently and accurately the presence or absence or the level of the cellular 
activity induced by external stimuli. For example, it is possible to judge the eflFect of 
1 0 drugs or allergens on cells in an alive state taken out from patients; thus, clinically 
useful information can be obtained. In addition, the cells used in diagnosis can be 
used in replantation, and accordingly the invention can be applied to in vitro 
fertilization as well as to cell implantation or an ex vivo type gene therapy. 
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